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OBJECT. 

In  presenting  to  the  faotilty  of  Armour 
Institute  of  Technology,  a  thesis,  the  authors 
feel  that  it  is  necessary  to  offer  some  sort 
of  an  apology  for  it's  appearance.  Moreover, 
there  is  in  this  case  a  good  reason  for 
beginning  this  thesis  with  ah  apology,  because 
of  the  liberty  which  we  are  taking,  in  imposing 
upon  the  good  nature  of  the  faculty,  by  asking 
it's  members  to  read  still  another  thesis  upon 
the  already  overwritten  subject  of  Sanitary 
Sewer  Systems. 

But  to  speak  seriously,  if  this  work  were  a 
mere  rehash  of  other  thesises,  the  authors  would 
not  presume  to  present  it  to  the  President  and 
Faculty  of  the  Armour  Institute  of  Technology; 
but,  on  the  contrary,  in  writing  it  we  have 
endeavored  to  make  the  contents  as  original  as 
possible,  and  to  treat  essentially  of  the 
fundameatal  principles  of  sewer  design  and  their 
application.  Furthermore,  we  have  selected  a 


town  in  whioh  there  is  no  sewer  system  at  the 
present  time,  and  to  the  knowledge  of  the 
authors  there  has  never  heen  any  survey  made, 
with  this  ohject  in  view.  All  data  and  profile 
notes  were  obtained  in  the  field  hy  the  authors 
themselves. 

In  conclusion,  the  authors  desire  to 
aolmowledge  with  many  thanks  their  indebtedness 
to  Prof.  Alfred  E.  Phillips,  Prof.  John  C.  Penn, 
and  Mrs.  Julia  B eve ridge  for  valuable  aid 
rendered  in  the  preparation  of  this  thesis.  The 
authors  wish  to  take  this  opportunity  to  thank 
Mr.  P.  H.  Gold,  father  of  one  of  the  authors, 
for  furnishing  them  with  a  plat  of  the  village 
and  for  the  many  favors  extended  to  the  authors 
by  him  while  carrying  on  their  survey  in  the 
village.  The  authors  also  wish  to  thank  Mr. 
Julian  Prank,  a  Junior  at  the  Armour  Institute 
of  Technology,  for  assisting  us  in  the  field  on 
several  occasions,  and  to  Mr.  P.  E.  Houston, 
Resident  Engineer,  Illinois  Central  Railroad,  at 
Homewood,  for  advice  and  aid  in  the  field. 
Chicago,  Illinois.  -  May.  i9.   '3'^- 


INTRODUCTIQg. 

The  development  of  design  of  sewer 
systems  in  America  owes  much  to  the  system 
so  long  in  vogue  of  bidding  on  competitive 
plans,  in  that  suoh  compitition  has  tended  to 
sharpen  the  wits  of  engineers  of  competing 
companies,  it  is  equally  true  that  the  said 
competition  has  done  all  the  good  it  can  for 
the  science  of  sewer  designing,  and  now  acts 
as  a  olog  to  prevent  it's  further  advancement. 

As  men  in  general  are  working  for  the 
almighty  dollar,  and  as  human  nature  is  the 
same  the  world  over,  it  stands  to  reason  that 
a  contractor's  engineer  in  preparing  upon  fixed 
specifications  a  design  to  he  used  as  a  hasis 
for  competitive  "bid  and  when  he  knows  that  the 
contract  will  he  awarded  to  the  lowest  bidder 
whose  design  conforms  to  letter  of  the 
specifications,  although  it  may  not  "be  up  to  the 
requirements  of  good  engineering  practice,  he 
will  take  advantage  of  every  weak  point  and 
omission  in  said  specifications,  even  if  his 
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engineer's  oonsoience  proclaims  the  design  he 
submits  to  he  worse  than  faulty. 

In  the  preparation  of  this  thesis.  It  Is 
needless  to  say  that  the  authors  have  not  been 
predjudloed  or  Influenced  In  their  design  by 
this  old  custom  of  competitive  bids.  We  have 
endeavored  to  adhere  to  good  principles  of  design, 
and  any  violation  of  any  one  of  them  Is  a  mistake 
that  will  be  regretted,  and  will  be  done 
unconsciously.  In  spite  of  all  the  care  that  the 
most  expert  designers  can  give  their  work,  errors 
of  greater  or  less  magnitude  will  creep  In 
occasionally  and  one  can  always  Improve  somewhat 
upon  any  finished  design,  Such  being  the  case, 
It  follows  that  the  designing  of  sanitary  sewer 
systems  should  be  Intrusted  to  expert  and 
disinterested  designers  only. 

In  looking  for  a  thesis  subject,  for 
submission  for  final  degree  at  the  Armour  Institute 
of  Technology,  the  authors  wanted  a  subject  which 
would  not  only  require  original  investigation, 
but  whlob  would  also  be  of  a  practical  value. 
The  initial  step  was  the  selection  of  a  village 


in  the  vicinity  of  Chicago  which  lacked  a 
sewer  syetem,  and  hence,  Homewood,  Illinois 
was  selected. 

A  plat  of  the  village  was  furnished  by 
Mr.  Gold,  and  from  this  a  new  plat  was  made, 
to  a  different  scale,  making  all  changes  and 
new  location  of  streets  to  date. 


THE  VILLAGE  OF  HOMEWOOD. 

IDhe  Tillage  of  Homvwood  Is  located  in 
Cook  County,  Illinois.  It  is  about  twenty  fire 
miles  from  Chioago,  and  it  may  be  reaohed  by 
the  Illinois  Central  Railroad  from  the  Illinois 
Central  Depot. 

The  Dixie  Highway  traverses  the  main 
section  of  the  village.  The  topography  of  the 
country  is  of  a  fairly  uniform  slope  in  a 
north  eastern  direction.  The  elevation  in  the 
south  west  portion  is  about  eighty  feet  and  in 
the  north  east  portion  about  forty  five  feet, 
so  that  the  difference  is  approximately  thirty 
five  feet.  The  geological  formation  is  generally 
of  limestone  but  various  kinds  of  sand  formation 
may  be  encountered  at  various  places.  The 
surface  formation  is  mostly  cultivated  soil. 

The  inhabitfiuats  of  the  village  are  mostly 
of  a  residential  nature,  having  their  places 
of  business  and  occupation  in  the  cities  of 
Chicago,  and  Harvey.  The  inhabitants  as  a  whole 
are  fairly  progressive,  taking  a  great  deal  of 


prida  in  their  home  town,  and  what  public? 
improvements  they  have  constructed,  they  were 
carefully  maintained.  The  present  population 
is  estimated  to  "be  ahout  1600,  and  it  increases 
at  a  rate  of  100  per  year. 


DESIGN  OF  SEWBR  SYSTEM. 

In  preparing  the  design  of  a  sewer  system, 
the  first  matter  to  be  decided  is.  What  system  - 
separate  or  combined,  shall  be  employed.  The 
second,  how  much  and  what  kinds  of  sewage  must 
be  provided  for.  The  third,  what  disposal  shall 
be  made  of  it. 

The  first  question;  what  system  -  separate 
or  combined,  shall  be  employed.  In  the  authors' 
opinion,  and  that  of  eminent  and  leading 
sanitary  engineers,  the  separate  system  is 
always  preferable.  New  Orleans  and  Baltimore, 
the  only  large  cities  that  have  built  complete 
sewerage  systems  during  the  past  twenty  five 
years,  are  both  sewered  on  the  separate  system; 
the  sewerage  for  the  new  parts  of  New  York  City 
is  planned  to  be  a  separate  system;, most  combined 
sewers  built  recently  being  extensions  of 
existing  combined  systems.  The  second  question; 
how  much  and  what  kinds  of  sewage  must  be 
provided  for.  Since  the  population  of  the  Village 
of  Homewood  is  of  a  residential  nature,  over 
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ninety  five  percent  of  the  sewage  will  be 
domestic  sewage.  The  amount  of  sewage  per  capita 
per  day  was  estiioated  at  150  gallons »  and  each 
city  lot  of  50  feet  was  considered  as  having 
five  inhabitants  on  it.  In  deciding  upon  the 
third  question,  what  disposal  shall  be  made  of 
it;  the  method  of  disposal  by  dilution  was 
eliminated  immeadiatly  because  of  not  having  a 
large  water  supply  at  hand.  The  method  decided 
upon  for  disposal  was  the  rectangular  horlssontal 
flow  type  of  Imhoff  settling  tanks.  This  method 
was  more  suitable  and  better  adapted  to  the 
local  conditions. 

In  determining  the  size  of  pipe,  not  only 
the  inhabited  sections  were  taken  care  of,  but 
also  those  outlying  sections  which  as  yet  are 
not  subdevided.  Since  the  center  of  the  streets 
are  not  occupied  by  gas,  or  water  mains,  nor  a 
street  railroad,  the  trunk  lines  are  located  in 
the  centers  of  streets  or  alleys,  thus  making 
the  cost  for  house  -  connections  on  each  side 
of  the  street  equal  for  each  property  owner. 


This  also  permits  the  minimum  depth  of  sewer 
for  the  houses  are,  generally,  at  equal 
elevations  on  hoth  sides  of  the  street.  The 
minimum  sizse  pipe  is  8  inoh,  for  the  main  line, 
as  this  is  the  prevailing  practice  in  this 
country,  and  "Y"  connections  are  all  of  4  inch 
pipe.  A  4-inGh  house  connection  is  ample  for 
any  huilding  containing  less  than  50  persons 
and  which  contributes  only  ordinairy  house  sewage. 

When  possible,  the  grades  of  the  various 
sewers  were  so  proportioned  that  the  velocity 
of  the  sewage  shall  increase  as  the  outlet  is 
approached,  or  at  least  it  was  not  allowed  to 
decrease,  since  a  decrease  in  velocity  is  liable 
to  cause  a  deposit  of  suspended  matter.  The 
minimum  grade  decided  upon  was  0»Zfo   and  the 
maximum  grade  was  Z,ofo*   The  minimiun  velocity 
would  not  drop  below  2  feet  per  second  and  the 
maximum  would  not  exceed  3  feet  per  second. 

The  minimum  depth  of  sewers  is  decided 
usually  by  local  circumstances  or  practice.  It 
is  generally  desirable  to  lay  them  somewhat 


deeper  than  gas  or  water  pipes,  that  these  may 
not  interfere  with  them.  It  is  oustamary  in 
this  part  of  the  country  to  va&ke   6  feet  the 
least  depth  which  should  "be  given  to  the  flow 
line  except  under  exceptional  conditions. 
Therefore  the  authors  adopted  this  depth  as  the 
minimum  depth  of  sewers.  When  the  depth  is 
considerable,  the  expense  of  making  house 
connections  may  become  excessive.  It  is  good 
engineering  practice  to  keep  the  maximum  depth 
about  14  to  16  fett,  since  depths  below  this 
would  make  the  cost  of  construction  increase 
rapidly,  however,  owing  to  the  irregular  and 
somewhat  hilly  topography  of  the  village  of 
Homewood,  depths  of  20  and  2£  feet  have  been 
used  at  times. 

Flushing  of  sewers  will  be  accomplished 
by  means  of  fire  hose  tapped  to  fire  hydrants, 
and  carried  to  the  different  manholes.  Flush 
tanks  are  very  costly  to  build  and  expensive 
to  operate.  Many  authorities  doubt  that  they 
accomplish  the  purpose  for  which  they  are  built 
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and  designed,  "because  they  are  efficient  only 
for  a  distance  of  100  feet.  The  constant 
maintenance  and  inspection  did  not  warrent 
their  adoption  in  a  problem  of  this  nature. 

The  width  at  the  hottom  of  a  trench  for 
8- inch  pipe  is  24  inches,  and  for  10  to  14- inch 
pipe,  thirty  inches.  A  two- foot  trench  is  the 
narrowest  that  a  man  can  work  in  with  sufficient 
ease  and  comfort. 

Manholes  will  he  of  standard  brick 
construction.  The  diameter  will  be  4  feet, 
tapering  to  2-ft.-6-inohes,  at  the  top,  and 
capped  with  a  standard  350-lb.  cast  iron  man- 
hole cover. 
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DESIGH  OF   SEWAGE  SETTLINS  TANKS. 

First  to  be  considered  In  the  design  of 
any  disposal  plant  Is,  the  question  of  whether 
the  sewerage  system  Is  constructed  on  the 
combined,  or  the  separate  plan.  Since  the  design 
of  the  sewerage  system  In  this  problem  was  the 
separate  system,  the  amount  of  sludge  coming  to 
the  sludge  chamber  would  not  be  as  great  as 
from  the  combined  system.  Hence,  wlth^thls 
system  the  sludge-room  capacity  Is  lessened. 

The  next  factor  that  Is  considered  In 
the  design  of  the  plant  Is,  the  amoxmt  and 
character  of  the  sewage.  The  character  of  the 
sewage  affects  greatly  the  time  necessary  for 
sedimentation.  The  sewage  of  a  village  like 
Eomwwood,  Is  of  such  character  that  a  retention 
of  the  sewage  for  three  hours  was  warranted. 
Since  the  Intermittent  flow  method  of  sewage 
to  the  settling  tanks  was  adopted,  two  tanks 
had  to  be  designed.  The  volume  of  these  tanks 
necessary  to  take  care  of  the  dally  sewage  was 
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"based  on  the  consumption  of  150  gallons  per 
capita  per  day.  For  a  population  of  2000 
persons,  the  required  daily  capacity  of 
the  tanks  would  "be  300,000  gallons.  The 
chambers  of  each  tank  were  designed  to  care 
for  a  reasonable  niunher  of  gallons  more  per 
day  than  the  estimated  amount,  so  that  any 
over-taxation  of  the  tanks  could  "be  taken 
care  of.  The  rectangular  -  horizontal  flow 
type  of  Imhoff  settling  tanks  was  adopted 
"because  it  seemed  to  suit  the  local  conditions 
"best. 

The  length  of  the  tanks  is  50  feet.  With 
the  length  determined ,  the  previously 
determined  necessary  tank  volume,  will  give 
the  necessary  cross  section.  The  ?ridth  and  depth 
was  determined  and  fotind  to  be  fifteen  and 
twenty  feet  respectively.  These  dimensions,  with 
the  proper  capacity  for  the  detention  period 
of  three  hours,  in  the  opinion  of  the  authors, 
will  give  satisfactory  results.  The  shallow 
depth  of  tjie  tank  was  determined  because  the 


inlet  to  the  tank  is  seven  feet  below  the 
groimd  level.  It  was  necessary  to  construct 
a  retaining  wall  from  the  top  of  the  settling 
tanks  to  the  earth's  surface. 

The  size  of  the  sludge  storage  ohamher 
is  dependent  upon  the  population  that  is  to 
he  served,  upon  the  character  of  the  sewerage 
system,  and  upon  the  operation  requirements. 
The  storage  room  is  one  of  the  most  vital 
parts  of  an  Imhoff  plant.  Throughout  the  United 
States,  it  has  been  found  with  only  few 
exceptions,  that  the  amount  of  sludge  discharged 
from  the  Imhoff  tanks  is  0,0035  cubic  feet 
per  inhabitant  per  day,  for  the  separate  system. 
This  amounts  to  approximately  2600  cubic  feet 
of  sludge  to  be  taken  car«  of  by  the  storage 
room  for  one  year  for  a  population  of  2000 
inhabitants.  The  sludge  room  is  designed  to 
be  emptied  once  a  year. 

The  inlet  and  outlet  lines  are  set  at  the 
same  elevation,  and  the  direetion  of  flow  in 
the  channels  is  regulated  and  controlled  by 
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means  of  shear  valves.  Since  the  sludge  ohamber 
is  designed  as  two  compartments,  the  periodical 
reversion  of  flow  is  considered  necessary  for 
an  equal  distribution  of  sludge  in  the  two 
compartments. 

The  bottom  of  the  channel  is  designed 
circular  so  as  to  give  better  means  of  inspection. 

Cast  iron  sludge  pipes  and  bronze  mounted 
valve  gates  with  notched  handles,  are  used  in 
the  design  of  the  sludge  xemovlng  end.  The 
sludge  is  to  be  removed  from  it's  ohamber  by 
ten  feet  of  head  (static  pressure)  into  a  sump 
where  the  sludge  will  be  pumped  out  again  into 
a  sludge  drying  bed. 

The  tanks  are  to  be  constructed  of  standard 
reinforced  concrete  of  a  1:2:4  mixture  with  0.6^ 
of  steel  rods.  The  authors  used  a  thickness 
of  18  inches  throughout  for  the  walls  and 
reinforced  with  3/4  inch  round  rods  spaced  at 
6-inch  centers  with  l/2  inch  round  tie  rods  at 
12-inoh  centers.  The  bottom  of  the  tank  Is 
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thoroughly  reinforced  with  3/4  inoh  round 
rods  arranged  in  layers. 

In  order  to  make  the  tank  and  channels 
water  proof,  a  coat  of  neat  Portland  cement 
ahout  1/4  inoh  thick  on  the  interior  surface 
is  specified. 
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DJBSIGK  Qg  SJJJDGE  DRYIH&  BED. 

The  size  of  the  drying  bed  depends  upon 
the  population  to  be  served.  The  size  of  the 
beds  are  designed  for  the  ultimate  capacity 
of  the  two  tanks,  and  for  this  problem,  found 
to  be  20  by  42  feet. 

The  stratification  of  the  filtering  medium 
consists  of  four  layers;  the  total  depth  being 
15  inches.  The  drying  beds  are  designed  for  the 
removal  of  the  contents  every  two  years. 
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